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Key Factor *°

Type of
evidence to
consider

Data

Evidence for stronger
weight of association

Evidence for weaker
weight of association

Comments
or Null Evidence

)

evidence of a disruption in cardiac
development (pericardial edema and
altered heart rate).

e Mouse whole embryo culture studies

nd(TCA administered at the
period of 3-6 somites detected cardiac
defects (Hunter et al., 1996); a chicken
whole embryo culture study o@b
administered at HH 13-14 detected
alterations in AV cushion (Mishima et
al, 2008

Avian atrioventricular canal cell
culture (HH 16) study found evidence
of inhibited endothelial cell separation
and early events of mesenchymal cell
formation in the heart following TCE
exposures (Boyer et al., 2000).

Exposure
occurs before
outcomes
onset

Epi

{
\

[

Four cohort or case-control studies
consider temporality (Forand et al.

—_— e

2012; Goldberg et al., 1990; Ruckart et

e Temporality was not considered in
Bove (1996); Bove et al. (1995);
Goldberg et al. {1990); and Lagakos et

al., 2013; Yauck et al., 2004). Three
studies observe an_association
between the TCE exposure surrogate
and major nm dia€ defects (Forand et
al., 20717 ., 1990; Yauck
et al.,, 2004). An association with
conotruncal defects, specifically,
observed in Forand et al. (2012).

al. (1986

e The small numbers of
conotruncal heart defects
in Ruckart etal. (2013)
precluded any analysis of
this endpoint and TCE
exposure.

Strength of
association

Study quality,
including study
strengths and
limitations

Tox

For Dawson et al. (1993); Johnson et
al. (1998a); and Johnson et al. (2003),
all of which detected cardiac
malformations, study quality strengths
include randomized assignment to
test group, detailed description of

e For Johnson et al. (2003) major study
quality limitations include the use of
data pooled from separate study
cohorts conducted over an
approximately 6-year period, the use
of tap water as the vehicle for some of

e Some studies that reported

no cardiac defects
following TCE gestational
exposures (Hardin et al.,

1981; Healy et al., 1582;
Narotsky et al., 1995;
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Key Factor *®

4

Type of
evidence to
consider

Data

Evidence for stronger
weight of association

Evidence for weaker
weight of association

v

Comments
or Null Evidence

al., 2001; Schwetz et al,, 1975) were
well-conducted and adequately-
reported GLP and/or guideline studies
with no substantive limitations
identified.

e Dne study (Fisher et al,, 2001)

attempted to replicate the methods
used in the Johnson et al. {2003)
study, utilizing the same fetal cardiac
dissection and evaluation technigques,
and including one of Johnson et al.
{2003) study authors in the
assessment team, yet found no
treatment-related cardiac defects.

Magnitude of
the effect
measure

o Increased risk estimates between all or

major cardiac defects ranged from
1.24 (95% Cl: 0.75, 1.94) to 2.40 (95%
Cl: 1.27, 3.62) observed in 3 studies
(Bove, 1996; Bove et al., 1995; Forand
et al., 2012; Goldberg et al., 19390).
Stronger associations, observed with
the TCE exposure surrogate for
conotruncal defects and ventricular
septal defects than for major cardiac
defects, a broader category (Bove,
1996; Bove et al., 1995; Forand et al.,
2012). A fourth study observed an
increased risk estimate of 6.2 (95% Cl:
2.6, 14.5) for cardiac defects in infants
of mothers aged >38 years and
maternal residence within 1.32 miles
from at least one TCE emissions source
{Yauck et al., 2004).

o' No association in Yauck et al, {2004) in

mothers <38 years of age and
maternal residence within 1.32 miles
from at least one TCE emissions
source nor in Lagakos et al. (1986),
which does not ohserve an association
with cardiac defects. Alternative
reasons such as lower statistical
power may explain these
observations.
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Key Factor *°

Type of Data Evidence for stronger Evidence for weaker Comments
evidence to weight of association weight of association or Null Evidence
consider
al., 1975) did not find treatment- et al. {1993} studies did not calculate
related cardiac abnormalities. This variability in TCE dose by measuring
may be the result of differences in the individual dam water consumption.
study design and assessment
methods. Thisincludes such aspects
animal strain \mmmwmocﬂnm. exposure
ehicle, duration of
exposure, and cardiac evaluation
methods,
Sources of Epi ¢ NE (not considered in Hill analysis) e NE (not considered in Hill analysis) e Studies examined different
within- and populations, exposure
cross-study levels, gradients, and
variability that media. Additionally,
contribute to different sets of strengths
uncertainty and uncertainties in this
set of studies would
contribute to observed
cross-study variability.
Uncertainty Missing Tox | e For the studies conducted by the UAZ | o The publications for studies conducted
analysis information or laboratory that identified cardiac by the UAZ laboratory that identified
data gaps, defects following exposures to TCE, cardiac defects following exposures to
within and DCA, or TCA (Dawson et al., 1993; TCE, DCA, or TCA (Dawson et al., 1993;

across studies

Johnson et al., 1998a; Johnson et al.,

Johnson et al,, 1998a; lohnson et al.,

2003), detailed descriptions of
evaluation methods for assessment of
cardiovascular effects were provided.
o Individual fetal and litter cardiac
findings data, as well as detailed
information on study conduct and
fetal evaluation methods, were
provided to the EPA for Dawson et al.
{1993} and Johnson et al. (2003).

2003} did not report essential study
details, and generally did not include
summaries of maternal data or fetal
data for endpoints other than cardiac
defects.

e For well-conducted studies that did
not detect cardiac defects following
developmental exposures to TCE or
metabolites (Carney et al., 2006; Fisher

et al., 2001) adequate descriptions of
study methodology and summary data
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Key Factor *" Type of Data Evidence for stronger Evidence for weaker Comments
evidence to weight of association weight of association or Null Evidence
consider )
outcome of interest was incorporated
in the analysis. A significant dose-
response trend was identified,
whether or not the high dose value
was included in the analysis.
Exposure- Epi NE e Goldberg et al. {1990) and Lagakos et
response al. {1986) examined exposure-
gradient: response; none observed.
Association
between
exposure/dose
and degree of
effect
Experimental Hypothesis Tox A study by Epstein et al, (1992) # Studies in rodents that administered e Studies that manipulated
evidence testing: administered the metabolite DCA to TCE via drinking water detected an the gestational exposure

manipulation
of exposure
scenario with
resulting
alterations in
response

rats on varied days of gestation and
identified critical windows of exposure
for eliciting cardiac developmental
defects.

No statistically significant increases in
congenital heart defects were
observed in groups of rats that were
exposed to TCE prior to pregnancy
only Dawson et al, (1993).

Drake, V. J. et al. (2006) demonstrated
that cardiac defects did not occur in
chick embryos exposed to TCE and
TCA during the period of cardiac
specification (approximately GD 6 in
rats) rather than the period of
valvuloseptal morphogenesis.

increase in fetuses with cardiac defects
(Dawson et al., 1993; Johnson et al.,
2003); studies that administered TCE
via other routes (gavage and
inhalation) were negative for this
response (Carney et al., 2006; Fisher et
al., 2001; Schwetr et al., 1975).

* In a whole embryo culture (WEC) study
of DCA and TCA (Hunter et al., 1996),
that identified cardiac defects, the acid
nature of DCA and TCA may have
impacted dysmorphogenesis.

period were not conducted
with TCE.
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Key Factor *" Type of Data Evidence for stronger Evidence for weaker Comments
evidence to weight of association weight of association or Null Evidence
consider
al., 1996; Mishima et al., 2006) with
ofymetabolite exposures.
udies also demonstrated
of alterations in cardiac
evelopment (Hassoun et al., 2005;
Williams et al., 2006).
Consistency: Epi e Association between cardiac defects e lagakos et al. (1986) compared a
Association and TCE exposure surrogate observed pregnancy receiving contaminated
observed in in four studies. These studies were of residential well water to a pregnancy
different 7] different populations living in not receiving residential water from
populations, b / different state (NY, NJ) and covered contaminated wells and does not
places, time slightly different time period (1983- observed an association between
and 2000, 1985-1988) (Bove, 1996; Bove cardiac defects and contaminated
circumstances. et al., 1995; Forand et al., 2012). Two drinking water.
other studies of weaker designs were
of different populations and carried
out in two different locations in the
United States, and provide supporting
evidence (Goldberg et al., 1990; Yauck
et al., 2004).
Biological Observed Tox | e Avian in ovo studies and e A definitive AOP for TCE-induced e It is possible that multiple

plausibility

outcome can
be attributed
to toxic insult
given the
known science

atrioventricular cell culture studies
support the biological plausibility of
effects of TCE on cardiac
development, given that early chick
heart development is similar to
mammalian (including human),
particularly regarding the role of the
cardiac cushion in septation (NRC,
2006; Richards and Garg, 2010).

e Preliminary exploration of a possible
adverse outcome pathway (AOP) has
resulted in a reasonable conceptual

cardiac defects, including a putative
initiating event, has not yet been
characterized. Additional mechanistic
data are needed to support the
hypothesized AOP.

e There are insufficient mechanistic data
to characterize additional potential
MOAs other than that hypothesized in
the AOP.

modes of action are
involved in alterations to
cardiac development.
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Key Factor *"

Type of
evidence to
consider

Data

Evidence for stronger
weight of association

Evidence for weaker
‘weight of association

Comments
or Null Evidence

particularly susceptible to alterations
in cardiac development.

Other contributing factors or
confounding factors were not
specifically identified in the evaluated
in-vivo studies.

it is.possible that the absence of
treatment-related cardiac defects in
weil-conducted TCE studies {Carney et
al., 2006; Fisher et al., 2001) or
metabolite studies (Fisher et al., 2001)
was due to confounding variables such
as differences in strain/source of
animal model, route of exposure,
toxicokinetics, vehicle [e.g., soybean
oil in Fisher et al. (2001)], or
differences in cardiac evaluation
methods.

it is unlikely that the cardiac defects
observed by Johnson et al. {2003)
were an artifact of the evaluation
procedures used, since a study by
Fisher et al. (2001}, using the same

fetal cardiac evaluation procedures,
did not identify an association
between TCE exposure and the
incidence of cardiac defects.

Other possible
explanations
for observed
outcome after
the exposure of
interest (not
considered in

Epi

Potential maternal risk factors were
adjusted in statistical analysis in
Forand et al. (2012) and Yauck et al.
(2004) or were not found in statistical
analyses to influence observed
association by +15% (Bove, 1996;
Bove et al., 1995).

¢ Potential for confounding from
another exposure given the poor
exposure definition in Yauck et al.
{2004). The positive association in
Goldberg et al. {1990) may result from
likely selection biases in controls.
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Key Factor *° Type of Data Evidence for stronger Evidence for weaker Comments
evidence to weight of association weight of association or Nufl Evidence
consider
Single cause Epi o NE e Specificity not a critical compared to
and effect other Hill aspects since outcomes may
relationship have several risk factors. Maternal
resulting from risk factors, specifically chemical risk
exposure to factors, associated with cardiac
test substance defects in infants have not been well
studied.
Coherence Summary: Tox | e Multiple studies were conducted at Developmental toxicity studies with
Extent to which UAZ {Dawson et al., 1993; Johnson et TCE that were conducted in other
data are similar al., 1998a; Johnson et al., 2003), in laboratories (Carney et al., 2006; Fisher
in outcome and which rats were administered TCE or et al., 2001; Schwetz et al., 1975)
exposure metabolites DCA or TCA in drinking administered TCE to rats of other
across water on GD 1-22 and for which study strains or sources, using different
database design and cardiac evaluation routes of exposure (inhalation or
methodologies were consistent. The gavage), administered on different
outcomes of these studies {detection days of gestation (i.e., not including GD
of cardiac defects, particularly septal 1-6) than the UAZ studies and did not
defects, valve abnormalities, and identify cardiac defects. No other
outflow fract anomalies) are study in the TCE database reported
consistent across these studies. cardiac defects at the low dose levels
Additionally, these outcomes are reported by Johnson et al. (2003).
supported by the results of avian in
ovo and in vitro studies, studies with
TCE metabolites (DCA and TCA}) in
rodents, in vitro whole embryo culture
studies, and mechanistic data.
Cause and Epi Associations in epidemiologic studies o NE
effect of cardiac defects and maternal
interpretation occupational exposure to degreasing
should not solvents or to organic solvents {(Gilboa
conflict with etal.,, 2012; Loffredo et al., 1991;

the generally
known facts of
the natural

Tikkanen and Heinonen, 1988, 1991).
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Appendix N  Weight-of-Evidence Analysis for Fetal Cardiac
Malformations Following TCE Exposure

Appendix N contains a weight-of-evidence analysis for the association between short-term
exposure to TCE and fetal cardiac defects.

The analysis only addresses the fetal cardiac defects observed following gestational exposures
to TCE and/or its oxidative metabolites dichloroacetic acid (DCA) and trichloroacetic acid (TCa),
and includes updated information that was not part of the 2011 TCE IRIS assessment.

This update includes 1) identification of any new literature, 2} a systematic evaluation of
available data, 3) an evaluation of the weight of evidence for the association of TCE exposures
with cardiac defects, and 4) a transparent presentation of the evaluation.

A systematic literature search was conducted to identify all studies published subsequent to the
final literature search that had been conducted by EPA during completion of the 2011 TCE IRIS
assessment (EPA, 2011e). A total of 1686 unique citations were initially identified from
PubMed, Toxline, and Web of Science (WoS). These citations were screened using the title,
abstract, and/or full text for pertinence to evaluation of the developmental toxicity of TCE, TCA,
and DCA exposure. The literature search identified no new animal toxicology studies of fetal
cardiac defects, one new epidemiology study that assessed the association of TCE or
chlorinated solvent exposures with cardiac defects, and two studies that provided mechanistic
information relevant to alterations of cardiac development following TCE {or metabolite)
exposures.

The analysis does not provide an update on other developmental effects of TCE exposure, i.e.,
ocular malformations, developmental neurotoxicity, and developmental immunotoxicity.
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